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The amino acid sequence of the 33 kDa protein isolated as an extrinsic protein from spinach photosystem 
II particles was determined by using solid-phase sequencing and conventional procedures. The 33 kDa pro- 
tein was found to be composed of 248 amino acid residues, to lack hi&dine and to have a molecular mass 
of 26 663 Da, which was considerably smaller than the value deduced from SDS-poiy~rylamide gel electro- 
phoresis. The sequence of the 33 kDa protein was compared with those of the bacterial superoxide dismu- 
tases (SOD) with Mn atoms at an active site. A part of the sequence of the 33 kDa protein was similar 
to a region in Mn-SODS from Bacillus stearothermophilus and Escherichia coli, which was expected to be 
the Mn-binding site. 
33 kDa protein Photosynthesis Oxygen evolution Amino acid sequence manganese-beading site 
1. INTRODUCTION 
Since the photosystem II particles which retain a 
high oxygen-evolving activity were prepared with 
Triton X- 100 treatment [1,2] of choloroplast mem- 
brane fragments, many experimental data were 
accumulated in order to elucidate the mechanism 
of oxygen evolution. Protein components in 
these particles are known to be the light harvest- 
ing-chlorophyll protein, reaction center antenna 
protein (43 kDa), reaction center core protein 
(47 kDa), cytochrome b-559, herbicide-binding 
protein (32 kDa) and 34 kDa protein (function un- 
known) as the intrinsic proteins and 3 extrinsic 
proteins with molecular masses of 18, 24 and 
33 kDa [3]. Concentrated NaCl can dissociate the 
18 and 24 kDa proteins from the particles with par- 
tial loss of oxygen-evolving activity [4]. When 
photosystem II particles were treated with con- 
centrated Tris buffer or subjected to high pH, 
these 3 extrinsic proteins were released from the 
o To whom correspondence should be addressed 
particles concomitantly with losses of Mn atoms 
and the oxygen-evolving activity [ 1,5,6], indicating 
that these extrinsic proteins were components of 
the oxygen-evolving complex. The photosystem II 
particles washed with CaClz [7] or urea plus NaCl 
[8] removed the 33 kDa protein but preserved Mn 
atoms. The oxygen-evolving activity of the washed 
particles was appreciably restored by the addition 
of Cl- [8] or rebinding of the 33 kDa protein 
[9,10]. The essential role of the 33 kDa protein is 
the preservation of Mn in the photosynthetic 
oxygen-evolving complex, and Cl- can partially 
substitute the 33 kDa protein [8,10]. The 33 kDa 
protein was isolated first from spinach photo- 
system II particles by isoelectric focusing [ 111, and 
then from acetone powder of spinach thylakoids 
by column chromatography [12]. It has been well 
characterized chemically and physicochemically 
[11,12]. 
To clarify further the function of the 33 kDa 
protein in photosystem II particles, the amino acid 
sequence of this protein needs to be determined. 
This paper reports the complete amino acid se- 
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quence of the 33 kDa protein from spinach 
chforopfasts and a sequence of the 33 kDa protein 
from spinach chloroplasts and a sequence similari- 
ty to the Mn-binding site of Mn superoxide 
dismutases. 
2. MATERIALS AND METHODS 
All reagents and chemicals for determination of 
amino acid sequence are described in jI3]. The 
33 kDa protein was prepared from spinach chloro- 
plast photosystem II particles as described [IO]. 
The protein was Carbo~ymethyIated by the method 
of Crestfield et al. 1141. Sequence determination 
was carried out essentially as described in [ 131. The 
digest by staphylococcal V8 protease (Miles Labo- 
ratories, Eikhart, IN) was fractionated by 
Toyopearl HW-SOF (Toy0 Soda, Tokyo, Japan) 
column chromatography. The peptide fractions 
were further purified by reverse-phase high perfor- 
mance liquid chromatography (Gilson HPLC 
system, Gilson France S.A., Villiers le Bel, 
France). Large peptides were further digested with 
TPCK-treated trypsin, chymotrypsin or thermo- 
lysin and purified as described above. Another lot 
of carboxymethyl (Cm)-33 kDa protein was 
digested with trypsin. The resultant peptides were 
purified and sequenced to overlap the peptides de- 
rived from the staphylococcal VS protease diges- 
tion, To confirm the overlap of peptides, succiny- 
Iated Cm-33 kDa protein was digested with trypsin 
and sequenced. 
Amino acid compositions of proteins and peptides 
were determined with an IRICA amino acid ana- 
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Fig. 1. A summary of the sequence studies of spinach 33 kDa protein. (-“, - and -f Solid-phase, manual Edman 
degradation and carbox~ept~dase A and/or B digestion, respectivefy. (+f N-terminal sequence anaIysis of the whole 
33 kDa protein by manual Edman degradation. S-, T-, C- and Th-; staphylococcaf VS, try&c, chymotryptic and 
thermoiytic peptides, respectively, T-SIX-, tryptic peptide derived from the succinylated Cm-33 kDa protein. The dotted 
arrows denote the ambiguous identifications of the amino acid derivatives. - and - show the regions of the 
successive non-charged amino acids and the regions rich in the charged amino acids, respectively. 
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lyzer, model A-5500 @RICA Instrument, Kyoto, 
Japan). 
3. RESULTS AND DISCUSSION 
The N-terminal sequence of the 33 kDa protein 
was determined by the manuaf Edman degradation 
method up to the 20th step as shown in fig, 1. This 
sequence was different from that reported by 
Welter et al. 1151 in 5 out of the 16 N-terminal 
residues compared. Reasons for this discrepancy 
are not clear at present. 
Fourteen peptides (S-l to S-14) derived from the 
straphylococcal V8 protease digestion covered the 
whole sequence of this protein. Tryptic peptides 
gave overlap for straphylococcal peptides except 
for peptides S-Il, S-12 and S-13. An overlapping 
peptide fT-Sue-11 for these 3 was obtained from 
the tryptic digest of the Cm-33 kDa protein insuffi- 
ciently succinylated. The C-terminal amino acid of 
the protein was identified as glutamine, asparagine 
or threonine by carboxypeptidase A digestion All 
the straphylococcal protease peptides had glutamie 
acid as the C-terminus except for peptide S-14, 
which terminated in glutamine of the sequence 
-Leu-Glu-Gln-Gln and therefore, S-14 was con- -- 
eluded to be the C-terminal peptide. However, the 
tryptic peptide T-16, which also lacked lysine or 
arginine, terminated in Leu-Glu-Gin. These results 
suggested that the C-terminus ofe 33 kDa pro- 
tein was heterogeneous_ 
protein was 248 giving a molecular mass of 
26663 Da, This value disagrees with that deduced 
(33 kDa) from SDS-polyacrylamide gel electro- 
phoresis. Amino acid compositions calculated from 
the sequence data and amino acid analysis in this 
experiment are shown in table I. Our independent 
anaiysis of the 33 kDa protein (table 1, column (2)) 
agreed with that of [12] (column (I)), both of 
which were calculated for the molecular mass of 
33 kDa. However, if these values were adjusted to 
take account of 27 kDa obtained from the sequence, 
the composition recalcufated (column (3)) agreed 
very well with that deduced from the sequence, 
indicating that the sequence presented here is prob- 
ably correct. 
In general a glycoprotein behaves on SDS-poly- 
acrylamide gel electrophoresis as if it had a larger 
molecular mass. After methanofysis and trimethyl- 
silylation of this protein, the sugar content was 
Table 1 
Amino acid compositions of 33 kDa protein 
A summary of the sequence study of the 33 kDa 
protein from spinach thylakoid membrane is given 
in fig. 1. This protein contains 2 cysteine residues at 
the 28th and 5 I st position and one each of methio- 
nine and tryptophan. An apparent intramolecular 
duplication was found in the sequence: the se- 
quence from Arg-5 to Gin-12 was quite similar to 
the sequence from Arg-80 to Glu-88 with insertions 
of Thr-83 and Leu-84. The 33 kDa protein was 
fairly hydrophilic 1121 and comprised 64 charged 
amino acid residues. There are 3 regions rich in the 
charged amino acids: Lys-101 to Asp-109, Arg-178 
to Lys-190 and Asp-224 to Glu-238. The second 
region contained 8 charged residues in 13 residues. 
In contrast, 4 regions comprised lo-11 successive 
non-charged amino acids: Gly-21 to Val-31, Tyr-I IO 
to Gly-f20, Gly-197 to Ser-206 and Val-213 to 
Ser-223, respectively. 
Cmc 2 2.11 2 1.71 2 2 
Asp 26 27.0 21 21.9 22 21 
Thr 24 24.3 24 19.7 20 20 
Ser 24 24.2 24 19.6 20 20 
GIu 39 41.4 41 33.7 34 32 
Pro 18 18.4 18 14.9 I.5 14 
GlY 36 36.2 36 29.4 29 29 
Ala 18 17.7 18 14.4 14 14 
Val 23 23.8 24 18.9 19 19 
Met 1 1.21 1 0.98 1 1 
Ile 10 9.73 IO 7.71 8 8 
Leu 2f 21.7 22 17.2 17 t7 
TY~ 10 9.51 IO 7.72 8 8 
Phe 16 15.8 16 12.8 13 13 
LYS 29 21.0 27 21-9 22 23 
His 0 0 0 0 0 0 
Arts 8 7.04 7 5.71 6 6 
TrP W’ 113* flF+ I 
Total 306 308 251 248 
Mr 33 082 27 023 26 663 
(11 From Kuwabara and Murata 1121; (2) and (3) were 
cafculated from the data in this experiment based on 2 
different molecular masses of 33 and 27 kDa, and (4) 
from sequence analysis. *Determined from the spec- 
The total number of amino acid residues of this trophotometric analyses 
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Spinach 33 kDa protein 
B. stearother. Mn-SOD 
L. coli Mn-SOD 
Fig.2. Comparison of similar parts of sequences of the 33 kDa protein and bacterial Mn superoxide dismutases. The 
common and similar amino acids are framed with solid and dotted lines, respectively. The arrow shows the site of one 
of the ligands to the Mn atom [ 181. 
measured by using gas chromatography, but no 
sugar was found as a component. Therefore, the 
discrepancy between the molecular masses obtained 
by sequence analysis and SDS electrophoresis re- 
main to be solved by future experiments. 
The sequence of the 33 kDa protein was com- 
pared with those of bacterial Mn-superoxide 
dismutases [16,17]. As shown in fig.2, we found a 
considerable similarity between them. The aspartic 
acid shown with an arrow is considered to be a can- 
didate for the ligands to the Mn atom j18]. Al- 
though the aspartic acid residue is substituted by a 
cysteine residue in the 33 kDa protein, these simi- 
larities suggest hat this part of the sequence in the 
33 kDa protein may play an important role in re- 
taining Mn atom(s) situated between the 33 kDa 
protein and the reaction center core protein [3]. 
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